Solar cooling for small-scale application is quite a new topic if it comes to practical applications. SorTech AG, founded in 2002, is one of the few manufactures of small scale adsorption chillers and on the market for 5 years now. Within this time over 200 projects were established all over the world. With these projects a lot of experience in planning, installation, and operations of thermal cooling systems has been gathered. As an example a solar cooling installation in Austria will give an insight of performances, efficiencies, and potentials of this technology.
Overview
A short introduction to the state of technology and the technique followed by the company's profile is given in the first part of this paper.
The main part shows the performance of such systems underlined by one example as well as potential problems during planning, installation, and operation. This example has been chosen to give an idea of the importance of system optimization. Especially, when a new technology is launched in the market the acceptance and knowledge is poor. Low performances and weak efficiencies due to misinterpretation of technical basics reduce the ecological and economical outcome. 
Market situation
Solar cooling is a highly promising renewable solution for the world's strongly and large growing air conditioning needs. So far, however, the market for solar cooling is still very young and mainly characterized by pilot or demonstration installation. The lack of compact, high performing, and cost effective chillers has been one of the main barriers for market development. Only a few manufactures of adsorption and absorption chillers for solar cooling applications are on the edge of industrialization. Additionally, planning and installation costs are still high compared to standard solar thermal systems due to lack of standardized systems. New small scale adsorption chillers based on innovative coating technologies offer opportunities for a market breakthrough of solar cooling. [1] By the end of 2011 app. 480 thermal cooling units with a cooling capacity up to 150 kW per unit were sold.
However, the solar thermal market has been growing rapidly over the last 7 years in Europe [ figure 1 ]. Fig. 1 . Solar thermal Market in Europe [2] Growing markets, the climate change and rising ecological awareness show the potential for solar cooling application in the near future. If it comes to thermal cooling application in general the market shows high potential, too. Besides solar heat as one possible heat source, waste heat, district heat or especially the combination of cogeneration units with thermal cooling chillers offer great opportunities for new application.
Introducing SorTech AG
SorTech AG, founded in 2002 as a spin-off of the German Fraunhofer-Institut für Solare Energiesysteme ISE, is one of the first companies in Europe which offers commercial products for small scale solar cooling application. Since 2007, SorTech offers silica gel based adsorption chillers with cooling capacities starting from 5 kW to 15 kW per unit. In the meantime more than 200 projects mainly in Europe, but as well in Africa, North America, Asia, and Australia could be realized with cooling capacities up to 150 kW (e.g. Patent Office in Munich).
In addition to the adsorption chillers SorTech AG product portfolio covers: standard cooling packages, consisting of chiller, heat dissipation unit, and hydronic pump station, customized cooling systems, Detailed planning and installation support. Besides silica gel technology SorTech acquired a deep know-how in Zeolith coating technology [ figure 2 ], which provides coating of almost any alloy based three dimensional structures. Unique feature of this technology is the crystallization of Zeolith directly on aluminum based surfaces. This provides high energy density and therefore compact heat exchanger for SorTech's next generation sorption chillers and heat pumps. 
Example of solar cooling installation
The following example of a solar cooling application provides an idea of the potential and performance of such a system. This solar cooling application has been established within the German funded project "SolCoolSys", targeting at the development of standard solar cooling applications. 
Technical facts
Basic technical facts of the installation are shown in table 1. Table 1 . Technical facts of installation A gas burner and two hot water storages have been installed to provide the system with heat, independently of solar radiation and to bridge operation phases with high thermal energy consumption (e.g. at the beginning of each sorption cycle). The system has been equipped with additional components to provide free cooling (using the heat dissipation unit for cooling at low ambient temperatures) and heating as well.
Due to the lack of practical and performance experiences of solar cooling systems this system has been monitored. Therefore temperature sensors, flow meters, electric meters, etc. were installed in order to measure the behavior and the performance of the system. The results were analyzed and provide the basis for improvements of the system.
The results of this monitoring are given in the next paragraph.
Results
The main focus of the monitoring is set to cooling capacity and electrical COP as performance and efficiency parameters. The cooling capacity is determined by the three temperature levels of the adsorption process. The electrical COP, as the ratio of cooling power and electrical consumption of common auxiliaries, is mainly determined by the heat dissipation unit with the highest electrical consumption of the system. The definition of the electrical COP is similar to the definition of the COP of conventional systems and shows the main advantages of thermal cooling systems: electrical energy is only used for common auxiliaries (e.g. pumps, heat dissipation units, controlling). The electrical COP of thermal systems, therefore, can reach a multiple of conventional systems. Upper diagram -electrical consumption of the heat dissipation unit: To reduce the electrical consumption the heat dissipation unit adapts the speed of its fans to the cooling load -the lower the load, the lower the speed and electrical consumption. At the beginning of operation the heat dissipation units runs at maximum speed to achieve the cooling task. Along with operation time the speed is reduced to a minimum due to lower cooling loads.
Lower diagram -heat flows
Here the typical characteristic of the heat flows (driving heat -red chart, dissipation heat -green chart, and cooling power -blue chart) are shown with its high peaks at the beginning of each sorption cycle.
In the following the improvement of the solar cooling system is shown. Therefore, the results for cooling capacity and electrical COP before and after system improvements are compared to each other. The results have been achieved under similar weather conditions and representing average values of a one day monitoring.
The monitoring of the system started in summer 2011. During winter and spring 2012 the improvement of the system took place.
The results after commissioning of the solar cooling system are shown in table 2. The performance and efficiency is below expectation. In order to improve the system's performance and efficiency both, constructional and control oriented adaptations have been done based on the monitoring results. Basic adaptations of the systems are shown in table 3.
Cooling capacity max. 3 kW Electrical COP < 5 Table 3 . Monitored effects and adaptation of the system After the first monitoring phase the system could be improved due to the adaptations. Actual performance and efficiency of the system is shown in table 4. 
Facing challenges
These results and the experiences with other solar and thermal cooling systems show, performance and efficiency depend, like in any other applications, on correct planning, installation, and operation. Table 5 shows different operation parameters and the effect on performance and efficiency. To give an idea of the effects the impact of each parameter on performance and efficiency is given in numbers for a concrete example.
Example: A cooling task is given with 5.5kW cooling load and a predicted electrical COP of app. 
Summary and Potential
Experiences show that solar cooling can be a good alternative to conventional cooling systems. The market for thermal cooling, however, is still small but high potential due to ecological and economical advantages. Besides solar cooling application the market for thermal cooling using waste heat at low temperature level (<100°C for absorption systems; <80°C for adsorption systems) and the combination of co-generation units with sorption chiller is promising. Nevertheless, for market development the following issues are crucial for the success of thermal cooling in future:
Reducing cost for both, chiller and components Increasing power-to-mass-ratio Developing of standard systems for easy installation and operation higher DT in heat dissipation cycle due to wrong installation (e.g. heat exchanger)
-38% (7 instead of 11.2)
All effects -42% (6.5 instead of 11.2)
